In this paper, determination of refractivity gradient and modified refractivity gradient for Cross River state was carried out. The year 2013 Radiosonde meteorological data from Nigerian Meteorological Agency (NIMET) was used. Refractivity, modified refractivity, refractivity gradient and modified refractivity gradient were computed. The results showed that in the year 2013, Cross River state had maximum modified refractivity gradient (dM/dz) of 114.9 (M -units/Km) and it occurred in December whereas the minimum modified refractivity gradient (dM/dz) on 81.9 (M-units/Km) and it occurred in October . Also, in the year 2013, the maximum refractivity gradient (dN/dz) was -42.1 (N-units/Km) and it occurred in December whereas the minimum refractivity gradient (dN/dz) was -75.1 (N-units/Km) and it occurred in October. The standard refractivity gradient of -39 N-units and standard modified refractivity gradient of 118 M-units occurred in December at altitude of 103 meters. In all the months the atmospheric condition was in the normal state except in the month of October where superrefraction occurred.
INTRODUCTION
Studies on atmospheric parameters are very essential in the wireless industry as the parameters have great impact on radio waves as they propagate through the atmosphere. Especially, radio refractivity which is a function of temperature pressure and relative humidity determines the extent to which radio signal path can be bent as it propagates through the atmosphere (Gao et al., 2008; Grabner et al., 2012; Hurter and Maier, 2013; Akinwumi et al., Figure-1. Visual representation of the different refractive conditions Source: Bruin (2016) and Merrill (2008) . Source: Bruin (2016) and Merrill (2008) .
In this paper, the refractivity gradient and modified refractivity gradient for Cross River state in Nigeria are studied and the atmospheric conditions are identified based on the refractivity values for the various months in the year 2013. The study is based on the Radiosonde meteorological data from Nigerian Meteorological Agency (NIMET).
METHODOLOGY
Atmospheric radio refractivity consists of the wet ( ) and the dry ( ) components and the two components are determined from primary radioclimatic parameters, namely; temperature, pressure and relative humidity as follows (Agbo et al., 2013; Akinwumi et al., 2015; Louf et al., 2016) :
where absolute temperature, T is in Kelvin; the atmospheric pressure, p is in hPa and the water vapour pressure e is computed as follows:
Where the relative humidity, H is in % and the atmospheric temperature , t is in Celsius , Then , the modified refractivity, M is given as ;
Where N is radio refractivity (dimensionless quantity in N-units).
M is Modified refractivity (dimensionless quantity in M-units). z is Geometric height or the altitude (m)
Re is Radius of the earth (m).
Refractivity gradient, dN/dz is computed from the refractivity at altitude and refractivity at altitude as follows;
where N , are radio refractivity (dimensionless quantity in N-units).
z , are Geometric height or the altitude (Km)
In most cases, is the surface level value , of 0 Km and is the surface refractivity denoted as . In that case ,
Similarly, modified refractivity gradient , dM/dz is computed from the refractivity at altitude and refractivity at altitude as follows;
where M , are radio refractivity (dimensionless quantity in M-units).
RESULTS AND DISCUSSION
The vertical profile of the meteorological data for the month of January 2013 along with the computed refractivity, modified refractivity, refractivity gradient and modified refractivity gradient are given in Table 1 .
Similar tables for the months of October and December are given in Table 2 and Table 3 respectively. Source: for T, U and P: NiMET (2013) The graph of atmospheric temperature, pressure and relative humidity versus altitude for the month of January 2013 is given in Figure 1 . Graph of refractivity and modified refractivity versus altitude for the month of January 2013 is given in Figure 2 . Also, the graph of refractivity gradient and modified refractivity gradient versus altitude for the month of January 2013 are given in Figure 3 . Table 1 and Figure 1 show that in January 2013 air temperature and pressure decrease with altitude whereas the relative humidity increases with altitude.
This is in line with the generally observed pattern that air temperature and pressure decrease with altitude.
However, , relative humidity does not generally decrease with altitude but varies depending on other atmospheric phenomena.
Figure-1. Graph of atmospheric Temperature, pressure and relative humidity versus altitude for the month of January 2013
Source: Generated by the authors using Mathlab program Figure 2 shows that refractivity decreases with altitude as such in Figure 3 the refractivity gradient is negative.
On the other hand, Figure 2 shows that modified refractivity increases with altitude and in Figure three , the modified refractivity gradient is positive.
Figure-2. Graph of refractivity and modified refractivity versus altitude for the month of January 2013
Source: Generated by the authors using Mathlab program Source: Generated by the authors using Mathlab program
The computed vertical profile of refractivity for the twelve months in 2013 are given in Table 4 and Figure 4 .
Similar table and figure for the modified refractivity are given in Table 5 and Figure 5 . About 23 data points were used in the analysis for each of the months where the first data point 1 is the surface level data and the data point 23 is for the highest altitude. The altitudes for the different months are not the same, that is why data point serial number is used. Table- Source: Generated by the authors using Mathlab program
Figure-4. The computed vertical profile of refractivity for the twelve months in 2013
Source: Generated by the authors using Mathlab program
From Table 4 and Figure 4 , the month of May has the lowest refractivity of 362.9(N-units). whereas April has the highest surface level refractivity value of 384.6 (N-units). Similar modified refractivity values are obtained from Source: Generated by the authors using Mathlab program
The computed vertical profile of refractivity gradient for the twelve months in 2013 are given in Table 6 and Figure 6 . Similar table and figure for the modified refractivity gradient are given in Table 7 and Figure 7 . From the results in Table 6 and Figure 6 , he maximum refractivity gradient (dN/dz) = -42.1and it occurred in December whereas the minimum refractivity gradient (dN/dz) = -75.1 and it occurred in October. Also, From the results in Table 7 and Figure 7 , in the year 2013, the maximum modified refractivity gradient (dM/dz) = 114.9 and it In all, from the results in Table 6 and Table 7 , the standard refractivity gradient of -39 and standard modified refractivity gradient of 118 occurred in December at an altitude of 103 meters. In all the months the atmospheric condition was in the normal state except in the month of October where superrefraction occurred.
